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Anotanisi. CydacHi MOPCBKi TPaHCIIOPTHI CHO-
pyIM 4YacTO BKIIOYAIOTh CTajeBi TpyOdacTi maii
cyTTeBOi moBxuHU (TIopsaaky 80-100 M i OimbIe),
sIKI IOBMHHI 3a0e3MedyBaTu BUCOKY Hecydy 37at-
HICTh Y BHIIQJIKy MPUKJIaIeHHS 30BHIIIHIX OChOBHX
HaBaHTaXeHb. OIHIEI0 3 LIKaBUX OCOOJIMBOCTEH
MOBEIHKH JIOBTUX TpyO4acTx maib € (opMyBaH-
HSl TPYHTOBOi MPOOKM Ha HIDKHBOMY KiHII maji.
Jis 301bIIeHHST HeCy40l 3JaTHOCTI Hallb MPH CTa-
TUYHOMY BJABIIOYOMY HABAHTOKEHHI B JICSKUX
MpaKTUYHUX BUMNaIKkax OyB 3aCTOCOBaHHMM JOAaT-
KOBUH €IIEMEHT y BUIJISAAI BHYTPIIIHBOI miadpar-
Mu. J/laHe JNOCHIiIPKEeHHS HAaIpaBJI€HO HAa BUBUEHHS
JIBOX B3a€MOIIOB'SI3aHUX MPOIIECIB TPU 3aHypPEHHI
craneBoi TpyO4aroi mali: yTBOPEHHS IPYHTOBOI
MpoOKHM Ha HIKHROMY KiHITI BiIKpUTOI Taji Ta I10-
BeliHKa TPYHTY MmiJ aAiad)parmMoro, 3aKpillIeHOO
BcepenuHi TpyOuacToi mami. B mabopatopHmX
yMOBax Ha MOJEIIX BHBUEHa poOOTa cTaneBoi
TpyOuacToi mani B mpoleci 1 3aHypeHHs CTaTHY-
HUM BJABIIOYUM HABaHTAKEHHSAM B MiIIaHUH
IpyHT. BusBneHni ¢axropu, o BIUIMBAIOTh Ha B3a-
€MOJIII0 EJIEMEHTIB CHCTEMH «IajJhoBa OIOpa-
IPYHTOBE CepeAOBUINE» TP Iii 0ChOBOI cuin. B
JaHili cTaTTi HaBeAEHI NaHi, 110 XapaKTepU3yIOTh
IIPOIIEC YTBOPEHHS IPYHTOBOI IPOOKU y HUKHBOTO
(Bimkpuroro) kiHnsg maii. OcoGmuBocTi ¢opmy-
BaHHsI ApYyToi IPyHTOBOI NPOOKH il BHY TPILIHBOIO
nmiadparmMoro OyayTh TPEACTaBICHI B TOJAIBIINX
myOumikariisx. OTpuMaHi pe3yabTaTH MOXYTh OyTH
3aCTOCOBaHi il 301NbIIIEHHS HECY4Oi 3aTHOCTI
naJti uu A7 oOIpyHTYBaHHS 3MEHILEHHS TOBKUHH
TaI.

Sk nmoBeneHO MONEPEeIHIMHU JOCITIKCHHIMH,
OJIHIEIO 3 I[IKaBUX OCOOJIMBOCTEN MOBEIIHKHU IOB-
rux TpyOuacTux mnanb € (GOpMyBaHHS IPYHTOBOI
MpOOKH y HIKHBOTO KiHIS nauti. 3 [i€l TOUYKU 30py

Mmuxaiisio ly0poBcbkuii

3aBigyBad Kadeapu «MopchKi Ta piu-
KOBIi IOPTH, BOJHI NIJISXH Ta 1X TEXHi-
YHA eKCILTyaTallis

I.T.H., Ipohecop

Buaanuciaasa [lyopasina
acmipanTka kadeapu «Mopchki Ta
PIYKOBI TOPTH, BOJHI IIISIXHU Ta IX
TeXHIYHA eKCIUTyaTallish
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BO)XIMBO BHBYHTH BIUIMB IPYHTOBOi NPOOKH He
TIIBKM Ha HECydy 3/aTHICTh Ha HIDKHBOMY KiHIII
Tai, ajle TakoX i Ha TIOBEIiHKY IPYHTY BCEepenrHi
nani. [lokazano, mo B ApiOHO-TIIIAHUX TPYHTaX
mpoOKa YTBOPIOETHCS Ha MOPIBHSIHO paHHIN cTasil
3aHypeHHS Nai (B PO3MISHYTOMY BHIAAKY — IPH
rOuHI 3aHypeHHs Oims 4-5 miamerpiB maib).
IIponiec opmyBaHHS TPYHTOBOI TPOOKH y HHK-
HBOT'O KiHIM TpyOdacToi mani mpu il 3aHypeHHi
CYHPOBO/UKY€ETHCS 3HIDKEHHSM PIBHS TOBEPXHI
IPYHTY B CTOBOYpi Haii BiTHOCHO WOTO IOYaTKO-
BOTr0 3HauyeHHs (10 3aBEpUICHHIO (HOpMyBaHHS
npoOKH piBeHb MOBEPXHi IPYHTY B CTOBOYpi mami
cTabuTI3y€eThCS).

KurouoBi cioBa: craneBi TpyOuacti nani, rpy-
HTOBa NpoOKa, BHYTpilIHA Jiadparma, Hecyya 37a-
THICTb T1aji, 1abopaTopHi BUPOOYBaHHS MOJIEINI.
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I[TOCTAHOBKA ITPOBJIEMU

CydacHi MOPCBKI TPaHCTIOPTHI Ta OQIIOpPHI
CHOPYAM, Taki SIK MpUYAIM TNIMOOKOBOJHOIO
nopTy, HadTorasoi IuiathopmH, peHmoBi Ta
O(IIOpHI CTalliOHapHI OJAHOTOYKOBI MpUYAIIH,
MiIBOMHI HAPTOCXOBHWINA Ta 1HINI, 4YacTO
BKJIIOYAIOTh B SIKOCTI OCHOBHUX HECYUYHUX €Je-
MEHTIB cTajeBi TpyOdacTi maji 3HA4YHOI JOB-
xuHU (80-100 M 1 6inbmre). Taki TpyOUacTi ma-
71 TOBHHHI 3a0e3MeuyBaTH BHCOKY HECYydy
3MaTHICTh Yy pa3l MNPUKIAIACHHS 30BHIIMIHIX
OChOBHX HaBaHTaXeHb[1, 2, 3, 6].

VY pasi HeOOX1THOCTI HeCy4y 3/aTHICTh J10-
BrUX TPyOUacCTHX MaJlb MOKHA 30UIBIIUTH Pi3-
HUMH METOJJaMHU:

- 3a0MBaOYM MO 3 3aKPUTUM KIHIIEM,
100 TIABUINUTH OIip i HIKHIM KiHIIeM (aJre
1Ie BUMAarae 3acTOCYBaHHsI 3aHAJTO MOTY>KHUX
MOJIOTIB)

- NUITXOM 3aHypPeHHsI Majii Ha OuThmry
ITIMOUHY J0 JOCATHEHHS IIapiB HECYydoro Ipy-
HTY (ane Taki 3aHypeHHs 4acTo Habararo Oi-
JBIII, HIK Ti, IO MOTPiOHI A7 CTIHKOCTI Mpo-
TH O1YHOTO HABAHTAYKEHHS)

- 3aJMBAHHSAM PO3YMHOM IIiJ] KiHIIEM T1a-
71 (ame omepaiii 3 OUYMILEHHS Talli BiJ IPYHTY
Ta 3aJIMBAHHS PO3YMHOM € TIOBIJIHBHUMH Ta Bif-
HOCHO TOPOTHMH)

- HUISXOM HPUBApIOBaHHS >KOPCTKOI Ji-
adparmu 3i CTasNeBOi IUTACTUHH IO BHYTPIIIHIN
YacTHHI maji Juis 30UIbLICHHS Hecydoi 34at-
HOCTI 3a paxyHOK peakIlii IpyHTy i giadpa-
IMOIO (TakHii METOJ JAEMOHCTpPYBaB J00pi pe-
3yJbTaTH B JIEAKMX MOPCBKHX MPOEKTax Ta
OTpUMaB MO3UTHUBHI pekoMeHaaii [5]).

OcranHi#t miaxizg (3aKpUTTs CTOBOYPY IMaji)
BUTJISIA€ IOCUTH NMPUBAOIMBO A OylyBaHHS
NpUYalliB TITHOOKOBOJHOTO TIOPTY, MOPCHKOi
Ta oduopHoi iHXKeHepii, ane moTpedye aera-
JBHOTO PO3IJIALY Ta BUBUEHHS OCOOJIMBOCTEN
METOZly, BINMOBIAHOI cdepu 3acTOCYBaHHS,
JeTaneil KOHCTPYKIIiI KOpCTKoi niadparMu Ta
MPAaBUJIBHOTO 1i PO3TAllyBaHHS B3JI0BXK IIOPO-
KHUHM TTaJIi.

AHAJII3 ITOINEPEJHIX JOCIIII’)KEHD

PexoMeH0BaHa TEXHOJIOTIS BCTAaHOBJICHHS
BHYTPILIHBOI KOPCTKOi Aiadparmu Oyia omu-

cana M. Tommninconom ta /Ix. Byasapnom (M.
Tomlinson&J. Woodward, 2008) [6] (Puc. 1).

VY sxopcTkoi miagparmMu HEOOXiTHUH OTBIp
JUISL CKU/IAHHS TUCKY BOJAM B TPYHTOBII MPOOIIi
Ta ISl BUTICHEHHS Myny. HampykeHHS Ha
HWKHIM CTOpoHI niadparMu BHCOKI Tia yac
3aHypeHHs 1 ToMy MOTpiOHI panianbHi pedpa
KOPCTKOCTI.
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Puc.1.CraneBa TpyOuacta mans 3 miadparmoro
(mxeperno [6])
Fig.1. Steel Tubular pile with diaphragm (from ref.

[6])

MiHiMaIbHA TIIMOMHA HAJl HU30M I1ail JUIS
PO3MILLIEHHS KOPCTKOI AiadyparMu - 11e riuou-
Ha 3aHypeHHsI HIDKY€ MOPCHKOrO JIHa, HE0O-
XiHa JUIS CTIMKOCTI MpoTH OIYHUX HABaHTa-
keHb. OTHaK HEOOX1HE TOIaJIbIIe 3aHyPEHHS
nami JUis  YIIIJIbHEHHS IPYHTY BCEpeAMHIi
nmpoOKKM Ta IS PO3BHHEHHS HEOOXITHOTO
OTIOpYy OCHOBH.

OTxe, po3rIAfalOThCS JBa MicUsd JUIS
(opMyBaHHS IBOX I'PYHTOBHX MPOOOK i Yac
3aHypeHHs TpyOudacToi majii: Ha BIAKPUTOMY
KiHIII TaJTi Ta MiJ BHYTPIIIHBOO TiadparMoro.

AJe e oMH BUCHOBOK 3raJlaHMX aBTOPIB
[6] («HemoXIHMBO JOCATTH OMOpPY, CKBIBaJICH-
THOTO TaJli 3 3aKPUTHUM KIHIIEM») BBaXKAETHCS
JMCKYCIHOI0 ayMmMKoro. BapTto mopiBHATH
e(eKT IBOX IPYHTOBUX MPOOOK 13 BapiaHTOM 3
3aKpUTHM KiHLIEM.
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B saxocti  mpuKiamy — NPaKTHYHOTO
3acTOCYBaHHS JiadparMu MOXKHA MOCHIATHCS
Ha TAThOBI pOOOTH HAa PO3BAHTAXKYBAITHLHOMY
BYyTUTBHOMY TepMiHami Xanaepu, 0o Oiis
Xatihu [6]. Bymu 3ampomonHoBaHi Tam 3
BIIKpUTHM KiHIleM jiamerpamu 1424 i
1524 MM, ajie moyaTKoBe 3a0MBaHHS [10KA34aJIO0,
O Ui PO3BHTKY HEOOXIJHOTO OCHOBOTO
OToOpy TMOTPeOY€eThCS Ty’Ke BENUKa TIIMOWHA
3aHypeHHs, 10 70 M HM)K4Y€ MOPCBKOTO JHA Y
BalTHAKOBHX Tickax. Jliarpama KiJIbKOCTI
yAapiB TIOKa3ajga JTOCHUTh HU3BKHA OMip Ha
rmbuHl 36 M HUX4Ye MOpchkoro nHa. [lotim
Oyl TpOBEJEHI BHUMNPOOYBAaHHS METOJOM
BramTyBaHHs  ngiagpparmu. iapparma 3
otBopoM 600 MM, 110  3abe3mevyBaina
MEPEKPHUTTSL TONEpEeYHoro mnepepizy Ha 83%,
Oyna BcTaBieHa Ha TaMOWMHI 39 M HMKYE
MOPCBKOTO JTHA, a 1€ OJIHE BUIIPOOYBaHHS 3
orBopoM aiamerpom 300 mMm (3akpurta 95%)
Mmokasano OimpIl BUCOKHMH omip Ha 37 M.
[lepenbavanocs, 10 Take  MIABUIICHHS
HECydol 3/JaTHOCTI manbh Oylo 0OyMOBICHE
(dbopMyBaHHSIM TPYHTOBHX TPOOOK HHIKYE
BKa3aHUX Jiadparm.

Buxoasum 3 TOro, IO OYCBUIHUM
npakThyHUid  epekr  OyB  JOCATHYTHH
BUKOPHUCTAHHIM KOPCTKOI iadparMu, € HaMip
BHUBUYUTH OCOOJIUBOCTI PO3TIISIHYTOTO MiAXOMY
Ta OTPUMATH TIOB'SI3aHI SKICHI Ta KUIBKICHI
napameTpu.

[Ilo crocyeTbesi CmOCOO0Y BCTAaHOBJICHHS
nami, iCHye IyMKa, IO TPaguIliiiHI Hiaxoau
(BUKOpUCTAaHHSA  yJIapHoro Mosora  abo
BiOpO3aHyproBaua) HEJAOCTATHHO HAJIIHI, 11100
3a0e3meynuTH Oe3MeKy >KOPCTKOi miadparmu,
3aKpIIIeHOT 3BapIOBaHHIM BCEPEHHI
CTOBOYpa Maji i B3a€EMOJII0YO0T 3 TPYHTOM T
niagparmoro. 11106 yHUKHYTH AMHAMIYHUX Ail
Ha nmiagparMy I 4Yac 3aHypeHHs Taii, MU
BBOKAEMO 3a JOLUIBHE PO3TJISHYTH OUTBII
Oe3IeuHui, aje e(heKTUBHUI METON
MPUKIAaHHs  CTaTHYHUX  HAaBaHTAKEHb
NUISTXOM BJIaBIFOBAHHS TTAJTI.

META I METOU

st Toro, mo6 po3TIsSHYTH BHIICHABEACHI
MUTaHHSA, HEOOX1THO MPOBECTU cepii eKcrepu-
MEHTAJILHUX AOCHIHKEHL IS TOro, o0 BH-

3HAYUTH HalleEeKTUBHIIIE MOJOKEHHS KOpC-
TKO1 AiaparMu, MpU SIKOMY CIOCTEPIraeThes
HaHOUIBIIE 3POCTaHHS HECydYol 3JaTHOCTI Ia-
mi. [IpeacrapnsieTnes, o HaWOLIbII eEeKTUB-
HUM BIUIMB BHYTpPIIIHBOI miadparmMu Moxe
OyTH MpHU TaKOMYy 1i po3TalllyBaHHi, KOJH 30HA
YIIUTBHEHOTO TPYHTY Mia niadparmMoro yBiiiie
B CHJIOBY B3a€MOJIII0 3 IPYHTOBOIO POOKOIO y
HUKHBOTO (BIIKPUTOTO) KiHII Tam. Y 3B’ S3KY
3 IIUM B MOJAJIBIIOMY JOLIIbHE BUBYCHHS ITHX
JIBOX TPOIIECIB HE TUILKHM B €KCIIEPUMEHTAX Ha
MOJIEJISIX, alle 1 TeOPETHYHO (3 BpaxyBaHHSIM
pe3yNbTaTiB  EKCHEPUMEHTAIBHUX  JOCIHi-
JUKeHB). B maHiil cTaTTi po3risiaaroThCs 0co0-
AMBOCTI (OpMyBaHHS TPYHTOBOI MPOOKH Yy
HIKHBOTO KIHIISI Mojem TpyOuacToi mami 3
THM, 100 B MOJAIBIIHUX JOCTIIKEHHIX
MOB’SI3aTH 1X 3 MPOLECOM YIIUIbHEHHS IPYHTY
B CTOBOYpI Maui miJ *KOPCTKOIo aiadparMoro i
BUWTH Ha €IUHY TEOPETUYHY MOJENb, IO
OIMKCYE I JIBa MPOLECH, IO OJHOYACHO BiJ-
OyBalOThCS B TPyOUAaCTI masi.

OCHOBHE JOCJILJDKEHHA

Sk nmoBeAeHO TOMEPEIHIMH JOCIIIKEHHS-
MH, OJIHIEIO 3 I[IKaBUX 0COOJIMBOCTEN MMOBEMIH-
KM JIOBrUX TpyOuacTux mayib € (HopMyBaHHS
IPYHTOBOI IPOOKHU Y HIXKHBOTO KiHIIS Taui [4,
5]. 3 i€l ToukH 30py Ba)KJIMBO BUBUWUTH BILUIWB
IPYHTOBOI NMPOOKH HE TUIBKM Ha HECy4y 3]aT-
HICTh Ha HIDKHBOMY KIHII TIaJTi, aJie TaKOXK 1 Ha
MOBEAIHKY IPYHTY BCepeauHi mai [6].

BpaxoByroun Toi oueBumHHMi edekT (30i-
JBIICHHS HEeCy4oi 3JaTHOCTI Maji), JOCATHY-
TUH 32 paXyHOK 3aCTOCYBaHHS KOPCTKOI miad-
parMu, noTpioHo OyJ0 BUBYMTH OCOOJIMBOCTI
PO3IJISHYTOTO MIAXOAY 3a JIOMOMOIOI0 MOje-
JBHUX CTaTHYHUX BUIPOOYBaHb B JabopaTtop-
HUX yMOBaXx. MeTroro Oyio oTpuMaTu napame-
TPH, IO ONMUCYIOTh PO3TJISIHYTHUH TpPOIEC 3a-
HYPIOBAaHHSI MMaJll — K AKICHI (110 BITHOCSTHCS
JI0 TIPOIIECY B IJIOMY), TaK 1 KUTBKICHI (Xapak-
TEpHI U1 3aCTOCOBAHOI MOJIEIILHOI CHUCTEMU
«TANA-TPYHT»).

[Ilo cTocyeThes criocoOy 3aHypEeHHS Malli B
HallNX EKCMEPUMEHTAIbHUX JOCIIKEHHSIX,
TO MO0 YHUKHYTH NWHAMIYHMX BIUIMBIB Ha
niadparmy mija yac 3aHypeHHS Maji, MU 3aCTO-
CyBaJM OLIbII Oe3medHui, ane ePeKTUBHHI
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METOJ] NPUKJIAJICHHS BIABIIOI0OYOTO HaBaHTa-
KEHHS, BUKOPUCTOBYIOUH MEXaHIYHHH JTOMK-
part [5].

{06 po3rasiHyTH BHILIEHABEICHI MOMEHTH,
MOB’s13aHI 3 TPyOUYacCTOIO TMajero 3 BHYTPIlI-
HBOIO AiadparmMoro, MU HpPOBENIU cepii eKcre-
PUMEHTAIBHUX JIOCHIHDKCHh B T'C€OTCXHIYHIN
nabopatopii kadenpu «MopchKi 1 piYKOBI IO-
PTH, BOJHI IUIAXU Ta X TEXHIYHA EKCIUTyaTa-
mis» OJechbKoro HaIiOHATBLHOTO MOPCHKOTO
yHiBepcurety (Opneca, YkpaiHa).

Jnist BUnpoOyBaHHSI 1Majih BUKOPHCTOBYBAJIH
ITPYHTOBUI  JIOTOK  pO3MipaMu:  IIUPHUHA
600 MM, gosxkmHa 750 MM, rmuOuna 1100 MM
(puc. 2). dns mozeni TpyO4acToi cTaneBoi ma-
JIl 3aCTOCYBaJIM CTajieBy TpyOy 13 30BHIMIHIM
niametpom d=50 MM, TOBIIMHOIO CTIHKA 1 MM,
noBxuHOI0 1=800 mm. [l 3aHypeHHs TpyOH B
NpiOHMIA MCOK 3aCTOCYBAIM MEXaHIYHUH J0M-
kpart (Puc. 3).

st excriepruMEeHTaIbHUX JTOCHIKEHb BU-
KOPUCTOBYBABCSI IPIOHUH TMICOK 3 HACTYTHUMU
XapaKTePUCTUKAMU: KYT BHYTPIITHBOTO TEPTS
33° mineHicTs 14,5 KH/M?, KoedimienT nopu-

crocrti 0,71, Bomoricte 0,07%, Moayns KOnra
16 MIla, xoediuient [lyaccona 0,3.

[lepma cepis excriepuMeHTiB Oyia Harpas-
JIeHa Ha BU3HAYEHHSI YMOB YTBOPEHHS IPYHTO-
BOI MPOOKHM Ha HIKHBOMY KiHIII Tl 3 BiJK-
PUTHUM KIHLEM.

BumiproBani nmapamerpu (Ha KO)KHOMY €Ta-
Ti IPUKIIaJICHHS HABAaHTA>KEHH):

- TpUKJIaJeHe BEePTUKAJIbHE OChOBE 3yCHUILIS;
- rMOWHA 3aHYPEHHS MaTi
- PpiBEHb IPYHTY BCEepeauHiI Mojeni naji (BH-

X17THE TIOJIOKEHHS (HIKCYBAIOCS MPH PIBHO-

CT1 piBHIB IPYHTY BCEpEIUHI Ta 30BHI MaIi).

B xoxai mpoBeneHHS €KCIIEPUMEHTIB HaMH
OyJI0 MPUMIYLIEHO, L0 K JIOKa3 3aBEpPIICHHS
nporiecy (hopMyBaHHSI TPYHTOBOi MPOOKH MO-
KHa BBaKaTH PIBHI BEPTUKAIbHI 3MIIICHHS
maji Ta OB ’si3aHl 3 HUMHU OCAaIKH HIIIAHO]I I10-
BEpXHI BCEpEIUHI MOPOXHUHU Talli Ha KOX-
HOMY eTalli TMOAAJBIIOTO MPHUKIAICHHS OChO-
BOTO HaBaHTAXKEHHS (BIAMOBITHI JiarpaMu
MpeACTaBJICH] Ha pUCYHKaX 4, 5).

0)
Puc. 2. ExcnepuMeHTanpHa yCcTaHOBKA: a) BUA 300Ky; 0) BUA criepeny; 1 — IPYHTOBHIA JOTOK; 2 — MOJEIb
nanii; 3 — MexaHIYHHNA JOMKpaT; 4 — AMHAMOMETD; 5 — IHANKATOP 3MillleHb
Fig.2. Experimental facility: a) side view; b) front view; 1 - soil box; 2 — model pile; 3- mechanical jack; 4 —
dynamometer; 5 — displacements gauge
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Puc. 3. HaBanTtaxxyBanpHa cucrema: 1 — Mopeib
nami; 2 — MeXaHiYHUi JOMKpaT; 3 — IuHa-
MOMETP

Fig. 3. Loading system: 1 - model pile; 2 -
mechanical jack; 3 — dynamometer

HopMmanizoBaHe amilieHHs, t/d
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Puc. 4. Pe3ynpraTu 3aHypeHHS MOJIENI mMaji 3 BiK-
puTHM KiHleM (4 BUTIpoOyBaHHA): S - BifcC-
TaHb Mi>K BEPXOM MaJli Ta IPYHTOM BCEpeIH-
Hi OPOKHUHU Mai

Fig. 4. Results of the open-ended model pile
installation (four similar tests): S — distance
between pile’stop and soil surface inside the
pile shaft
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Puc. 5. PesynbraT 3aHypeHHs] MOJIeNi Mai 3 Bigk-

pUTHM KiHIIEM (CepeaHi 3HaueHHS 4-0X BU-

npoOyBaHb):

—-»—--t/d=t/d(F); —*— - S/d=S/d(F)
Results of the open-ended model

pileinstallation (average values of four

similar tests):

—-»—-- t/d=t/d(F); —*— - S/d=S/d(F)

Fig. 5.

PiBeHnp TpyHTY BcepenuHi maii crabimizy-
€THCSl TIPU BITHOCHIN TTTMOWHI 3aHypeHHS (HO-
pMaiizoBaHe 3MillleHHS Taii) HpUOITU3HO
t/d=5-6 (Puc. 4). 3anexnocti ms t/d ta S/d,
10 OMUCYIOTh 3MIIIEHHS Majli Ta IPyHTY, CTa-
I0Th TMapajeJbHUMU, MoYuHatoun 3 t/d=5-6 1
70 JOCATHEHHS HECy4oi 3/JaTHOCTI mai
(Puc. 5).

Jlnsg  sAKiCHOTO Ta KUIBKICHOTO —OMUCY
JOCITIJKYBAHOTO TIPOIIECY 3aCTOCYEMO TaKOX

IBI ~ 3alpONOHOBAaHI  pSAOM  BIIOMHX
3apyOiKHUX BUCHUX-TCOTECXHHUKIB
xapaktepuctuku: I[FR (Incremental Filling

Ratio — BigHOIIEHHS TPHPOCTY JOBKHHU
IPYHTOBOI MpPOOKH OO TPHPOCTY TIIMOWHH
po3TalnryBaHHS HIDKHBOTO KiHI TpyOdacToi
mami) ta PLR (Plug Length Ratio -
BiTHOIICHHSI JTOBKMHH TPYHTOBOI NMPOOKH 0
ITIMOMHU 3aHYpPEHHS HM)KHBOTO KIHIA Tai; K
MPaBUJIO BHU3HAYAETHCSA JUISI 3aBEPIIAILHOTO
eTamy 3aHypeHHs nauni) [7-9].

[Mapamerp IFR Moke 3MmiHIOBAaTHUCS B
Mexax Big 0 (ZOBXMHA IPYHTOBOI MPOOKH B
mporieci 3aHypeHHs Hajli He 3MIHIOETHCS, IO
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XapakTepHO Ui 3aHYpPEHHsS depe3 Iap
cnabKoro rpyHty) no 1 (mpupocTH HOBXKUHU
npoOKM Ta TIAMOWMHHM 3aHYPEHHS HHU3Y Maui
OJTHAKOBI, 1[0 CIIOCTEPITaeThCS MPU 3aHYPEHHI
naJti B mapi OIiIbHOTO TPYHTY).

[Tapametp PLR Takox Moxe 3MiHIOBaTHCS
B Mexax Big 0 (TpyHT He MoTparuisie B CTOBOYp
nani 4depe3 il HIDKHIA KiHeIb; TOOTO mans
MIPAIIOE TI0 CXeMi 3aKPUTOTO HIKHBOTO KiHIIS)
no 1 (momkwmHa TPyHTOBOI TPOOKH B Taji
CHiBMajace 3 NIMOWHOKO 11 3aHYpPEHHS).

I'padikm 3am€KHOCTI BKA3aHUX MTapaMeTpPiB
Bil TIMOMHM 3aHYpeHHA THali I YMOB
MIPOBEJICHOTO HaMu €KCIIEPUMEHTY
npeacTaBieHi Ha puc. 6 1 7. 3 HUX ciil, 0 Ha
MOYATKOBIM CTajii 3aHypeHHs mnam (mpu
rmbuHi 3aHypeHHs 10 [1.5-2.0]d) 3HaueHHs
PLR=IFR=100%, ToOTO masns 3aHyprOETHCS 110
tak 3BaHii cxemi “fully coring mode”
(TIOBHICTIO 3aMOBHEHUI CTOBOYD).
[TounHarouu BiJ MIMOMHU 3aHYPEHHS MOPSAKY
(4-5)d moBxuHa IPyHTOBOI MPOOKU MPAKTHYHO
HE 3MIHIOEThCS; CEPEHE 3HAUCHHS MTapameTpy
IFR Takoxx 3amumiaeTbcs TMOCTIMHUM. JlesKi
¢nykryanii 3Hadenp IFR Hmwkue rimbunn
3aHypeHHs 20 cM MOXyTh OyTH TOSICHEH1
TEXHOJIOTIYHUMHU TPUYUHAMH - YCTAHOBKOIO
MIPOMDKHHUX TpyOUacTux BCTaBOK-
MOJOBXKYBAUiB, TaK SK XiJ MEXaHIYHOTO
nomkpaty ckiaagaB 20 cm. B mimomy ke,
KapTMHA JIOCHIPKYBaHOTO  IpoIecy, MI0
xapaktepusyerbes napamerpamu PLR Ta IFR,
aHaJoTiyHa OTpUMAaHi HamMH padilme Ta
npeAcTaBieHii Ha puc. 41 5.

BUCHOBKHW TA PEKOMEH/IAILIIT

Jlesiki BaxkJIMBI pe3yJIbTaTH TEPIIOi cepil
1a00paTOPHUX EKCIIEPUMEHTIB MOXXHa cQop-
MYJIIOBaTH HaCTYITHUM YHHOM:

1. B gpibHOmimaHux rpyHTax mnpoOKa YyTBO-
PIOETHCSI HAa TIOPIBHSIHO paHHIN CcTamii 3aHy-
peHHA mani (B pO3MISHYTOMY BHIAQAKY —
npu TJIMOWHI 3aHypeHHs Ot 4-5 miameTpiB
Tasb);

2. 3anpomnoHoBaHI HaMU KpUTepii OMIHKK (Po-
pMyBaHHS TPYHTOBOI MPOOKHU MPH MOJIETb-
HUX JIOCIIUKEHHSX TMpOLeCcy 3aHypeHHS
najxi IpU3BOIATH IO PE3YJBTATIB, IO aHa-

JIOT14HI METOAAaM OIHKH, IO 0a3yIOThCS Ha
xapakrepuctukax PLR ta IFR;

3. Ilpouec ¢dopmyBaHHS IPYHTOBOI MPOOKU Y
HIDKHBOTO KIHI TpyOwactoi mami mpu il
3aHypeHHI CYNPOBOKYETHCS 3HIDKCHHIM
piBHS TIOBEPXHI I'PYHTY B CTOBOYpi maini Bi-
JHOCHO HOro NOYaTKOBOIO 3HAa4yeHHs (1O
3aBeplIeHHIO (pOpMYyBaHHS TPOOKU piBEHBb
MOBEPXHI IPYHTY B cTOBOypi maji ctalimi-
3Y€ETHCA).

4. 3 BpaxyBaHHSIM BHILIEHABEACHOTO CIOCTE-
PEKEHHSI MOKHA MPUNTH O BUCHOBKY, ILO
SKIIO PO3MICTUTH BHYTpIIIHIO Aiadparmy
Ha PEKOMEH/IOBaHIN TIMOWHI, HEOOXIIHINI
i (ikcalii IpOTH IMONEPEYHOro HaBaH-
Ta)XEHHS, SIK OMMCaHO BUIIE (MPUOJM3HO HA
rMOMHI  3aHypeHHs Oinsg 5-7 pgiameTpiB
najgb), MU 3MOXKEMO 3ITKHYTHCS 3 CHUTYyaIli-
€10 BIZICYTHOCTI KOHTAKTy MiX JiayparMoro
Ta IPYHTOM BCepeauHi maji (3a30p); TOOTO
niapparma He HazgoraHse rpyHT. Otxe,
JUI TOJANIBIIMX E€KCIIEPUMEHTAIbHUX J0C-
JKeHb HEOOX1THO 3aCTOCYBATH TaKy Me-
TOJUKY BHUIIPOOYyBaHb, fKa rapaHTye IOB-
HUI KOHTAKT HIDKHBOI MOBEPXHI BHYTpILI-
HBO1 JiadpparMu 3 TPYHTOM BCEpEIWHI CTO-
BOYpY maii.

10 4

20 +

25 =

30 -~

JMimenHa, t, oM

35 +

Joexaina rpyHToE0I pobrat, L, cm

Puc. 6. 3anexnicts napamerpy PLR Bing rmuOunu
3aHYPEHHS Talli:
""" - TIOBHICTIO 3allOBHEHHWH CTOBOYD;

— - — - L=L(v); -PLR
Fig. 6. Dependence of the PLR on pile driving
depth:
""" - fully core mode;
— - — - L=L(t); -PLR
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Puc. 7. 3anexunicte napamerpy IFR Big rmuOunm
3aHYPEHHS Talli:
""" - TIOBHICTIO 3allOBHEHHWH CTOBOYD;

— - — - L=L(t); - IFR
Fig. 7. Dependence of the IFR on pile driving
depth:
""" - fully core mode;
— - — - L=L(t); - IFR
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Physical modeling of steel tubular piles installa-
tion into sandy soil

Michael Doubrovsky,
Vladyslava Dubravina

Summary. Modern marine structures (berths,
breakwaters, offshore platforms, etc.) often include
steel tubular piles of essential length (80-100 m
and more) that should provide high bearing capaci-
ty in case of external axial loads application. Inter-
action between elements of the system “piled
structure — soil media” is not yet studied sufficient-
ly. It relates also to the bearing capacity of the long
steel tubular piles of large diameter. One of the
interesting peculiarities of long tubular piles’ be-
havior is the formation of soil plug at the piles’ tip.
There are a lot of suggestion and methods aimed to
increase piles bearing capacity under static press-
ing load. One of them relates to use of the addi-
tional structural element, i.e., the internal dia-
phragm welded to the internal surface of the pile’s
shaft. Such approach has been applied in some
practical cases of marine construction and demon-
strated its effectiveness. At the moment there are
no researches focused on study of the peculiarities
of internal diaphragm application. So proposed
research aimed to study two connected processes
during steel tubular pile driving: soil plug for-
mation at the tip of the open-end pile and soil be-
havior under the internal diaphragm fixed inside
the tubular pile’s shaft. To study mentioned pro-

cesses we provided several series of laboratory
experiments fulfilled at the Geotechnical laborato-
ry of the Department “Sea, River Ports and Wa-
terways” in Odessa National Maritime University.
In these experiments the model of steel tubular pile
has been driven (pressed) into fine sand by me-
chanical jack. The first series was devoted to de-
termination of the conditions related to the soil
plug formation at the pile’s tip (results are present-
ed in this paper). The next series were aimed to
study the influence of the rigid diaphragm inside
the pile’s shaft (to be presented in the further pub-
lications). Obtained experimental results allow to
conclude that (a) in the fine sand the plug is for-
matted at the comparatively early stage of pile in-
stallation (in case of our modeling - at the penetra-
tion depth of some 4-5 pile’s diameter); (b) our
empirical assessment of the conditions of soil plug
formation corresponds to the approaches based on
PLR and IFR characteristics; (c) formation of soil
plug at the pile’s tip is followed by decreasing of
soil level in the pile’s shaft relatively its initial val-
ue (on completing the plug formation the soil level
in the shaft become stable); (d) regarding above
mentioned, we may note that in case of use of in-
ternal diaphragm on the recommended depth (5-7
pile’s diameters) there may be no contact between
diaphragm and the soil inside the pile and the dia-
phragm does not come up with the soil. So, for the
next series of our experiments, it should be fore-
seen assured contact of the diaphragm’s surface
with soil underneath.

As proved by previous studies, one of the inter-
esting features of the behavior of long tubular piles
is the formation of a soil plug at the lower end of
the pile. From this point of view, it is important to
study the effect of soil plug not only on the bearing
capacity at the lower end of the pile, but also on
the behavior of the soil inside the pile. It is shown
that in fine-sandy soils a plug is formed at a rela-
tively early stage of pile immersion (in this case -
at a depth of immersion of about 4-5 pile diame-
ters). The process of forming a soil plug at the
lower end of the tubular pile during its immersion
is accompanied by a decrease in soil surface level
in the pile trunk relative to its initial value (upon
completion of plug formation the soil surface level
in the pile trunk stabilizes).

Keywords: steel tubular piles, soil plug, inter-
nal diaphragm, pile bearing capacity, laboratory
model tests.
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